Abstract. In this paper an algorithm for the representation of 3D models is described and ex- 
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plex Extended Gaussian Image [3] , the Shape Distributions, [4] and its modification employing convex hull [5] , a method based on the partitioning of the space covering an object and calculation of the histogram for all obtained sub-spaces [6] , the usage of convex hulls in three dimensions [7] , three-dimensional moments in multiple variants [8, 9] , wavelet transform-based description [10] , Fourier transform coefficients [11] , and spherical harmonics [12] . As we can see, the geometrical approaches are very popular.
The structural methods are for example: the Multiresolutional Reeb Graph [13] , its improved version [14] , and the Skeletal Descriptor [15] .
The Reflective Symmetry Descriptor [16] and the approach based on the extension of the harmonical spherical representation by adding to it the symmetrical information of the model [17] are exemplary algorithms belonging to the third group.
The last group covers Point Signatures [18] , Shape Index [19] , 3D Shape Spectrum Descriptor [20] , Spin Images [21] , and so on.
The algorithm described in this paper is based on the calculation of twenty two-dimensional projections of a 3D object, using cameras placed in the vertices of a dodecahedron that encloses the model. It is assumed that analysis of planar shapes will be more effective, but in this case the deformations of 2D objects have to be considered [22, 23] . This is similar to the approach proposed in [24] . However, instead of the Fourier Descriptor and Zernike Moments applied in the original approach, the Curvature Scale Space transform is used for the representation of the obtained planar shapes. This comes from the confirmed efficiency of this method in the problem of planar shape recognition. This property resulted in numerous applications of the CSS transform in practice.
The remaining part of this paper is organised in the following way: the second section provides a description of the proposed method. The third section presents the experimental conditions and results. Finally, the last section concludes the paper.
2 Description of the 3D Shape Representation Algorithm Based on the 2D Curvature Scale Space Transform
The initial part of the approach is similar to the algorithm described in [24] , where 20 two-dimensional projections for a three-dimensional object are rendered. Then, each obtained planar shape is represented by means of a 2D-shape descriptor. In the experiment described in this paper, the Curvature Scale Space transform was applied for this purpose.
In a first step, the centroid L for a 3D model is calculated using the formula:
where:
n -number of vertices for a 3D shape.
Later, all vertices are translated in order to move the centroid into the coordinate system's origin. For a vertex, P this process can be described as follows:
where: i = 1, 2, . . . , n.
Then, the normalisation of coordinates according to the maximal distance from the centroid is performed. It results in the unitary maximal distance:
where: i = 1, 2, . . . , n. 
Then, the projections for 20 various angles are obtained, for the cameras placed in the vertices of the dodecahedron enclosing the analysed model, and directed towards the coordinate system's origin.
For each planar object obtained in this way, the external contour is extracted and the CSS transform is performed. Its description, provided below, is based on the formulation given by [25] . Roughly speaking, the CSS The closed planar curve r is represented parametrically for x and y using the normalised arc length parameter u:
The evolved curve is represented as Γ σ :
and:
⊗ -the convolution operator, g -Gaussian function of width σ, calculated using the formula:
The curvature κ of Γ can be represented as:
Finally, the CSS image I c gives in result a multi-scale representation of zero crossing points:
At the last stage the contour maxima locations in CSS image I c are selected for the representation of a shape.
After the two sets are obtained for two compared shapes, matching between them can be performed in order to derive the similarity level. The approach firstly finds any possible changes in orientation, and then a circular shift is performed in order to compensate their influence.
Finally, the dissimilarity measure is derived by means of the Euclidean distance. Each point on an object's patch δJ corresponds to a point δS on the Gaussian sphere. The Gaussian curvature is equal to the limit of the ratio of the two areas as they tend to zero [2] :
Taking the above formula into account and assuming that S denotes the area of the corresponding patch on the Gaussian sphere, we can calculate [2] :
This can be formulated as [2] : For J denoting the corresponding patch on the object the above formula can be rewritten as:
where J denotes the corresponding patch on the object.
The Shape Distribution [4] is the second algorithm se- For each of thus obtained triangles a point P on its surface is calculated, applying two random numbers r 1 and r 2 ranged from 0 to 1 [4] :
where A, B and C denote the vertices belonging to the selected triangle.
The algorithm called the Shape Histograms [6] ilarity between two 3D objects is calculated by means of matching between their projections.
The algorithm proposed in this paper as well as the other four algorithms selected for the experiment were experimentally evaluated using 312 objects belonging to 13 classes, from the Princeton Shape Benchmark database [26] . Some objects are pictiorialy presented in Fig. 1 . It was assumed that the recognition result is correct if the dissimilarity measure between the test and template objects is smallest for the same class. In Table 1 the obtained recognition rates are provided.
The results provided in Table 1 prove that the proposed algorithm outperforms the other investigated 3D shape description techniques. Its average recognition rate (RR) was above 72% and it was the highest amongst the tested methods.
Concluding Remarks and Future Works
An algorithm for the description of 3D models was pro- Field Descriptor. The algorithm described in this paper outperformed the other ones. It obtained the accuracy above 72%, which seems to be far from ideal. However, it has to be stressed that the representation of 3D models is a very difficult task, what results from the dissimilarity of the objects belonging to the same class. This topic was earlier analysed in [27] . As can be seen in Fig. 2 , the appearance of the models belonging to the same class ('hand') can be unfortunately very dissimilar.
The projection from three to two dimensions has confirmed its effectiveness. Nevertheless, the described ap- The illustration of the difficulty involved with analysis of 3D models -objects belonging to the same class are different in appearance [27] .
some other 2D shape descriptors would give better results.
Hence, in future works on the topic, other planar shape representation techniques will be applied and experimentally investigated.
